The influence of essential ginger oil (Zingiberis aetheroleum from Zingiber officinale Roscoe) on blood pressure, heart rate and subjective well-being was investigated after inhalation and dermal application on healthy human subjects in two experiments. Additionally a GC-MS analysis of the tested oil is given. The essential oil exhibited a high amount of citral (19.4%). α-Zingiberene (17.4%), camphene (7.8%), trans, trans-α-farnesene (6.8%) and β-bisabolene (5.8%) were also prominent constituents. Compared with the control condition an activating effect was observed for ginger oil in the inhalation experiment.
Essential ginger oil (GEO; Zingiberis aetheroleum) has mainly been used in traditional and complementary medicine. Most of its effects are based on traditional experiences some of which were confirmed scientifically in in vivo and in vitro experiments [2a,3] . In spite of these studies the knowledge of the influence of GEO on human psychophysiology and mood is still limited, although GEO is widely used in aromatherapy. This section of complementary medicine is only partly based upon the pharmacological impact of EOs. The main effect is achieved by direct influence of their odor. The olfactory system is closely associated with the amygdala and the limbic system, which on its part is related to mood [4] . To address this issue for GEO, in this study the psychophysiological aspect of GEO was studied on healthy human subjects.
In an analysis of utilized GEO by simultaneous GC-FID and GC-MS, a total of 73 compounds were identified, accounting for about 96% of the oil (Table 1 ). The main compound was citral (19.6%). This mixture of cis-/trans-monoterpene-isomers (geranial 10.5% and neral 9.1%) is responsible for GEO's lemon like odor. Other monoterpenes of mentionable concentrations were camphene (7.8%) and 1,8-cineole (3.8%). Further the sesquiterpenes αzingiberene (17.4%), trans, trans-α-farnesene (6.8%), β-sesquiphellandrene (6.7%), β-bisabolene (5.8%) and ar-curcumene (5.6%) were prominent compounds, which is mainly in accordance with the literature [2] .
To assess GEO's influence on human psychophysiology two experiments were performed on a total of 60 participants in a controlled cross-over design. In the first experiment (Exp. 1) subjects inhaled GEO, another EO or pure air as a control condition from the surrounding atmosphere for 30 min, distributed by an aroma-lamp. The second EO is not the subject of this investigation and these results will be published elsewhere. Blood pressure (BP) and heart rate (HR) were measured before and after odor exposure. Subjects also filled in a standardized mood questionnaire prior to and after inhalation (see experimental section). Jellinek defined four psychodynamic mechanisms of odors, only one of which was pharmacological. The other three were identified as semantic (personal experience with an odor), hedonic (personal preference of an odor) and placebo (personal expectation of odor effect) factors [5] . The initial idea of using another EO as a positive control to eliminate the impact of hedonic valence and semantic influence on our results was discharged for this reason: According to [5] , we would expect an effect of every EO, destroying its control status.
As expected, BP and HR decreased in all subjects over time while participants sat still in a chair. The data of one male had to be excluded for technical reasons. Two-factor (condition and time) analysis of variance (ANOVA) with repeated measures revealed a significant influence for the parameter of systolic BP (sBP; P = 0.030; F (1;27) = 5.253). Mean differences and standard deviations (SD) for sBP in both conditions are presented in Table 2 . Under GEO influence decrease of sBP was significantly lower than in the control condition ( Figure 1A ). No effect of GEO with time was noted for diastolic BP (dBP) and HR (data not shown). Calculating an ANOVA for all three parameters with respect to sex in time and condition, no significant results were found.
Several studies on animals, reviewed by Ali et al. [6a] , documented a BP reducing effect of ginger-extracts, which was mediated through the blockade of voltage-dependent Ca ++ channels. This activity was attributed to gingeroles. Ghayur et al.
[6b] noted that there might be an opposing activity within this group of nonvolatile compounds, some expressing a stronger vasodilator effect than the other. GEO itself has not yet been investigated with regard to possible effects on BP and HR. Any potential BP increasing activity of GEO as a compound of an extract seems to be overlaid by the strong impact of gingeroles. Psychological parameters were assessed using a questionnaire that comprised three bipolar designed dimensions of subjects' actual mood (see Experimental section). An ANOVA on the parameters of mood before and after oil exposure revealed a significant influence on alertness/fatigue (WM; P = 0.043; F (1;28) = 4.58; Table 2 ): Post hoc pair-wise comparison indicated a significant difference between odor conditions (P = 0.019). Alertness increased in all participants when inhaling GEO compared with pure air, where they became more tired ( Figure 1B) . Neither additional mood-effects nor sex differences were observed (data not shown), but a trend towards significance for good/bad temper (GS) was found (P = 0.076; F (1;28) = 3.405; Table 2 ). Participants tended to become better humored under the influence of GEO ( Figure 1B) .
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A recent study in complementary medicine by Lua et al. described GEO's influence in nausea and anorexia in 60 breast cancer patients after having taken a few deep breaths of GEO [7] . The authors also investigated the impact on other parameters such as fatigue.
Although there was neither significant effect of aromatherapy treatment on nausea severity nor vomiting, results indicated a significant improvement of symptoms "fatigue", "nausea and vomiting", "appetite loss" and "pain" on a subjective level while patients were under the influence of GEO.
In another investigation Geiger et al. [8] reported significant reduction of post-operative nausea and vomiting when GEO (5% in grape seed oil) was applied naso-cutaneously prior to operation. A comparison of these aromatherapy studies is difficult since they severely differ in study-designs. Neither of the authors gave information on GEO composition. Anyway, the significance in [8] might be due to the larger period of GEO exposure (depending on operation duration). Additionally the EO was applied onto the skin. We addressed the issue of application methods under aromatherapy conditions in a second experiment (Exp. 2), where subjects, instead of inhaling it, were asked to apply the EO (20% in peanut oil) to their left forearm and gently rub it into the skin. Pure peanut oil served as a control condition. To reduce olfactory stimulation and to enhance absorption by an occlusion effect, this area was covered by a plastic film. Data of BP, HR and mood questionnaire were collected according to Exp. 1. An ANOVA provided no significant results in all subjects and with respect to sex. For sBP, which was significant in Exp. 1, only a statistical trend was observed (P = 0.075; F (1;28) = 3.422). Still sBP sank less under the influence of GEO compared with the control condition, but this effect was not significant in an ANOVA (data not shown).
Recently Friedl et al. determined blood and plasma levels of 1,8cineole in human subjects after dermal application and inhalation.
In their experimental setup blood and plasma concentrations were approximately ten times higher after inhalation than those after dermal absorption. 1,8-Cineol was mainly detected 15 -20 minutes after the onset of treatment in inhalation and about five to ten minutes later in the dermal condition [9] .
In our investigation participants were exposed to the oils for 30 minutes, which seems to be too short to gain a plasma level through the skin in an amount required for pharmacological effect. Additionally no single substance was used, but an EO being composed of seven components above 5% (Table 1) . This mixture of active compounds, which might also have antagonistic impacts [6b], provided no significant results for dermal application of GEO in this experimental setup. Furthermore our participants just treated a small area of their left forearm with GEO, whereas, in aromatherapy, EOs usually are applied for longer time periods and on larger body-areas (e.g. full body massage, "aroma-bath"). Finally, odor level was kept low in Exp. 2 by covering the oily area, so the influence of the olfactory pathway was reduced.
The monoterpenes 1,8-cineol and (±)-linalool partly showed an opposing effect in wellbeing and arousal compared with inhalation, when applied to the skin by excluding the olfactory system [10] . The authors concluded that odors interacted differently as a function of administration method, particularly when subjects were not able to smell the odors and evaluate their qualities. In an odor rating, both monoterpenes were perceived as more pleasant than the control [10] .
To evaluate odor quality ratings of GEO and the control collected at the end of all sessions, t-tests were performed. Although sBP and alertness increased under GEO influence, subjective ratings for the oils' "expected effect" did not show any significant results. GEO and control were perceived as neutral (slightly calming) by men and women in Exp. 1 and Exp. 2. No subjective impression of an activating effect was noted for GEO (data not shown). However, GEO was rated as significantly more pleasant (P = 0.000) and familiar (P = 0.000) than the control in both experiments (data not shown). In Exp. 1, women rated it less familiar than men (P = 0.031; Figure 2 ). In this experiment participants were provided with pure GEO, whereas in Exp. 2 the 20% oil mixture was offered, so the odor was less intense. Whereas there is solid evidence that women outperform men in verbal odor identification tasks, the vast majority of studies fail to find significant sex differences in odor discrimination [11] . Our results in odor familiarity could be explained by the hot by-note of GEO, which might remind men of a male-fragrance rather than women.
In the present investigation of GEO on psychophysiological effects under aromatherapy conditions we found an activating effect of GEO on healthy subjects when inhaled for 30 minutes. Whether this activation is a pure olfactory effect or a combination with the pharmacological impact of the oil's compounds when resorbed through the lung should be investigated in the future by analyzing the blood and plasma levels after inhalation over a longer time period.
Experimental
Ethics statement: Investigations were performed according to the Guidelines for Good Scientific Practice at the University of Vienna, as well as the Declaration of Helsinki on biomedical research involving human subjects [12] . Written informed consent was given by participants after complete explanation of the studies in oral and written form. Subjects were free to withdraw at any time. Essential oil analyses: GC-FID and GC-MS analyses and compound identification were performed according to [14] . [15] . Subjects marked the values ranging from 1 (very) to 5 (not at all) for each adjective according to their mood. High scores indicated subjects being more well-tempered, alert and calm.
Materials
Oil ratings were performed by means of 3 visual analog scales, each consisting of 100 mm lines for: pleasantness, familiarity and "expected effect" (stimulating or calming). Subjects had to draw a vertical line representing their oil judgment reaching from "not at all" to "very".
Experimental design and procedure: For Exp. 1 and Exp. 2 withinsubjects, repeated measures designs were used in a way that each participant was tested on 3 separate days for each condition, with at least one day in between to avoid accumulation [16] . Thus, each experiment contained data of 90 individual sessions, which lasted about 45 min, 60 of which were evaluated for this study. Data of the residual 30 sessions were collected from the additional EO and will be published elsewhere. Participants were seated in a chair in a corner of the quiet examination room. During the first 5-10 min the volunteers rested and read and signed the informed consent. Then the experiment started: BP and HR were taken and the participants had to fill in the MDBF ® . Subsequently the previously prepared conventional aroma lamp was placed near the subject and lit (Exp. 1) or the participants were instructed to apply 1.0 mL of the oil to an area of about 5 x 15 cm of the right inner forearm and rub it into the skin for 2 min (Exp. 2). The oily area was then covered by a plastic film to minimize olfactory stimulation and to achieve an occlusion-effect for better absorption. The order of the stimuli (EO or control) was randomized in both experiments. During the following 30 min subjects had to sit still and relax. Then BP and HR were taken again and another MDBF ® filled in. At the end of each session the participants had to rate the oil used in this session.
Statistical analyses:
Statistical analyses were performed with SPSS ® 20.0.2 (SPSS Inc. Chicago, IL, USA). An ANOVA for repeated measures (general linear model) was applied using "oil" (EO/control) and "time" (beginning/end of session) as withinsubject factors for all subjects and the between-subject factor "sex" for sex differences. Odor ratings between groups were calculated by t-tests. Significance level of p < 0.05 was used for all analyses.
